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(54) METHOD OF MANUEACIXJEING MULTILAYER PRINTED WIRING 
BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: lb provide a method of manufecturing a multilayer 
printed wiring board, for which there is no risk of short-circuiting between 
adjoining conductor circuits, signal delay or signal error will not be generated, and 
superior connection rehability imder thermal cycling and high-temperature/high- 
humidity conditions is realized by forming a plating resist, in which no gap is 
formed under its bottom part and which has a flat surfece. 

SOLUTION: This method of manufeicturing a multilayer printed wiring board 
contains the steps of (l) sticking a photosensitive dry film on an interlayer 
insulating resin layer on which a thin-film conductor layer has been formed; (2) 
forming a plating resist by applying exposure and development processes to the 
photosensitive dry film; and (3) forming conductor circuits in regions where the 
plating resin is not formed, wherein in the step (l), the photosensitive dry film is 
stuck after a roughened surfeice or a roughened layer has been formed on the 
surfiice of the thin-film conductor layer. 



[Claim(s)] 

[Claim l]** A process of sticking a photosensitive dry film on a resin insulatii^ 
layer between layers in which a thin film conductor layer was formed, ** A process 
of forming plating resist by performing e^qjosure and a development to said 
photosensitive dry film, And in [ are a manxifacturing method of a multilayer 
printed wirii^ board including a process of forming a conductor circuit in ** 
plating-resist agenesis part, and ] a process of the aforementioned **, A 
manufecturing method of a multilayer printed wiring board characterized by 
sticking a photosensitive dry film after formu^ a roughened surface or a 
rov^hened layer in said thin film conductor layer surfece. 
[Claim 2]A manxi&icturing method of the multilayer printed wiring board 
according to claim 1 whose said roughened surfece or average-of-roughness-he^ht 
Ra of a roughened layer is 0.01-1 micrometer. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manxifecturing method of a 

multilayer printed wiring board. 

[0002] 

[Description of the Prior Art]The multilayer printed wiring board called what is 
called a multilayer build-up wiring board is manufectured by the semiadditive 
process etc. 

It is produced by laminating the conductor circuit by copper etc., and the resin 
insulating layer between layers by turns on the resin substrate reinforced with the 
about 0.6-1.5-mm glass fobrics etc. which are called a core. 
Connection between the conductor circuits throu^ the resin insulatii^ layer 
between layers of this multilayer printed wiring bosird is made by the viahole. 
[0003]Conventionally, the build-up multilayer printed wiring board is 
manufeictured by the method indicated by JP,H9- 130050 A etc., for example. That 



is, a through hole is formed by formii^ a breakthrough in the copper dad 
laminate on which copper foil was stuck first, and performing non-electrolytic 
copper plating processing continuously. Then, carry out the etching process of the 
surfeice of a substrate to the shape of a conductive pattern, and a conductor circuit 
is formed, After forming a roughened surfece in the surfece of this conductor 
drcuit by nonelectrolytic plating, etching, etc. and forming the resin insvdating 
layer between layers on the conductor circuit which has that roughened surface, 
exposure and a development are performed or the opening for viaholes is formed 
by the lasing. 

Then, the resin insidating layer between layers is formed through UV curing and 
this hardening. 

[0004]After performing roughening formation processing to the resin insulating 
layer between layers, a thin electroless plating film is formed in the formed 
roxighened surface, After forming plating resist on this electroless plating film, 
electroplating performs thickness attachment, it etches after plating-resist 
exfoUation, and a lower layer conductor circuit and the conductor circuit connected 
by the viahole are formed. 

[0005]After forming the solder resist layer for protecting a conductor drcuit as the 
outermost layer after repeating this, forming an opening in a solder resist layer, 
performing plating etc. to the conductor layer of the openii^ part and considering 
it as a pad, a build-up multilayer printed wiring board is manu&ctured by 
forming a solder bimip. 

[0006]In the manufacturing method of such a multilayer printed wiring board, 
plating resist stuck the photosensitive dry filnn on thin film conductor layers, such 
as a thin electroless plating film, and formed it by performing e3q)osure and a 
development to this photosensitive dry film. 
[0007] 

[Problem to be solved by the inventionjThus, when sticking a photosensitive dry 



film directly on the resin insxilating layer between layers which has a thin film 
conductor layer on the surface, this thin film conductor layer, Since it may have 
denaturalized [ that a part of the surface has oxidized etc. and ] and the physical 
properties on the sur&ce of a thin film conductor layer are not uniform, As shown 
in drawing 7, when the photosensitive dry film 18 was directly stuck on the thin 
film conductor layer 112, it was easy to generate bulging etc. in the photosensitive 
dry film 18 (refer to drawing 7 (a)). Therefore, when the plating resist 103 is 
formed by performing exposure and a development, If originate in this bulging, 
the surface of the plating resist 103 becomes wavelike, a void may be formed in 
that pars basilaris ossis ocdpitahs G^fer to drawing 7 (b)) and the electroplating 
layer 113 is formed after this. The conductor circuit 105 which the electroplating 
fayer 113 wiU be formed also in this gap part (refer to drawing 7 (c)), and is formed 
by performing removal of the plating resist 103 and the thin film conductor layer 
112 might become the form where the pars basilaris ossis occipitalis spread (refer 
to drawing 7 (d)). 

[0008]In a such-shaped conductor circuit, the interval of the pars basilaris ossis 
occipitalis of adjoining conductor circuits was narrow, and there was a problem of 
being easy to generate a short circuit between adjoining conductor circuits. 
Between the conductor circuits where width like last shipment=35/35 is narrow, 
the above problems arose especially easily- The above-mentioned last shipment is 
the width of a conductor wire, and the distance between conductor wires, and only 
calls this last shipment hereafter in this Description. In the such-shaped 
conductor circuit, it was hard to aim at consistency of the impedance of a 
multilayer printed wiring board, and signal delay and a signal error might occur. 
[0009]this invention is made in order to solve such a problem, and it comes out. 
the purpose, since it is alike, a void is not formed and plating resist with the flat 
surface can be formed, There is no possibility that a short circuit may occur 
between adjoining conductor circuits, and neither signal delay nor a signal error 
occurs, but it is in providing the method of manxifecturing the multilayer printed 



wiring board which is excellent in connection reliability under heat cyde 
conditions and Mgh-hiunidity/temperatiire. 



[0010] 

[Means for solving problenjAs a result of inquiring wholeheartedly towards 
realization of the above-mentioned purpose, this invention persons by formir^ a 
roughened surfece or a roughened layer in the thin film conductor layer surface, 
The physical properties on the surfece of a thin film conductor layer containing a 
roughened sur&ce or a roughened layer become uniform, and again, Since the 
adhesion of a thin film conductor layer and a photosensitive dry film improves 
when both touch area increases when a photosensitive dry film is stuck to a thin 
film conductor layer by pressure, The contents which find out that plating resist of 
the rectangular shape stuck to the thin fihn conductor layer can be formed, and 
show it below were thought out to this invention considered as sxmmiary 
composition. 

[OOlllNamely, the manufectviring method of the multilayer printed wiring board 
of this invention, ** The process of sticking a photosensitive dry film on the resin 
insulating layer between layers in which the thin film conductor layer was formed, 
** The process of forming plating resist by performing exposure and a 
development to the above-mentioned photosensitive dry film. And it is a 
manufiicturing method of a multilayer printed wiring board includii^ the process 
of forming a conductor circuit in ** plating-resist agenesis part, and in the process 
of the above-mentioned **, after forming a roughened surface or a roughened 
layer in the above-mentioned thin film conductor layer surfece, a photosensitive 
dry film is stuck. 

[0012]As for the above-mentioned roughened surface or average-of-roughness- 
height Ra of a roughened layer, in the manufacturing method of the above- 
mentioned multilayer printed wiring board, it is desirable that it is 0.01-1 
micrometer. 



[0013] 

(Mode for cariying out the invention]The process at which the manufectviring 
method of the mxdtilayer printed wiring board of this invention sticks a 
photosensitive dry film on the resin insulating layer between layers in which ** 
thin film conductor layer was formed, ** The process of forming plating resist by 
performing e3qx)sure and a development to the above-mentioned photosensitive 
dry film, And in [ are a manufecturing method of a multilayer printed wiring 
board including the process of forming a conductor circuit in ** plating-resist 
agenesis part, and ] the process of the above-mentioned **, After forming a 
roughened surface or a roughened layer (only henceforth [ both are doubled and ] 
a roughened surface etc.) in the above-mentioned thin film conductor layer 
surface, a photosensitive dry film is stuck. 

[0014]In order to form a roughened surface etc. in the thin film conductor layer 
surface according to the manufacturing method of the multilayer printed wiring 
board of such this invention, Since the adhesion of a thin film conductor layer and 
a photosensitive dry film improves when both touch area increases when the 
physical properties on the surface of a thin fihn conductor layer become imiform 
and a photosensitive dry film is stuck to a thin film conductor layer by pressure. 
When a photosensitive dry film is stuck on this thin film conductor layer, bulging 
etc. do not occur in a photosensitive dry film, but plating resist of a thin film 
conductor layer and the stuck rectangular shape can be formed. 
[0015]Therefore, if a conductor circuit is formed in a plating-resist agenesis part 
after forming plating resist, The section can form the conductor drcviit of 
rectangular shape, there is no possibility that a short circuit may occur between 
adjoining conductor circuits, and neither signal delay nor a signal error occurs, but 
the multilayer printed wiring board which is excellent in connection reliability 
under heat cycle conditions and high-humidity/temperature can be manufactured. 
[0016]In the manufacturing method of this invention, in the process of sticking a 
photosensitive dry film on the resin insulating layer between layers in which the 



thin film conductor layer was formed, after forming a roughened surface etc. in the 
above-mentioned thin film conductor layer surface, a photosensitive dry film is 
stuck. 

[0017]As a method of forming the above-mentioned roughened surfece, an etching 
process is mentioned and oxidation-reduction processing, nonelectrolytic plating 
processus, etc. are mentioned as a method of forming the above-mentioned 
roughened layer, for example. In these, an etching process is desirable. This is 
because the conductor layer which was excellent in adhesion by electroplating can 
be formed directiy, without passii^ other layers on the thin film conductor layer 
sur&ce when a roughened stirEace is formed by processir^ the thin film conductor 
layer surface. 

[0018]As an etching reagent used when performing the above-mentioned etching 
process, the mixed water solution of organic acid and the second copper complex, 
the mixed hquor of hydrogen peroxide solution, svilfuric add, and tetrazole, etc. are 
mentioned, for example. As the above-mentioned oxidation-reduction processing, 
the solution containing NaOH, NaC102, and Na3P04 is made into an oxidation 
bath, for example, and the oxidation-reduction processing etc. which make a 
reduction bath the solution containing NaOH and NaBH4 are mentioned. As the 
above-mentioned nonelectrolytic platii^ processing, Cu-nickel-P needleUke alloy- 
plating processing etc. are mentioned, for example. 

[0019]As for average-of-ro\:^hness-height Ra, such as the above-mentioned 
roughened sinface, it is desirable that it is 0.01-1 micrometer. If the adhesion of 
above-mentioned average-of-roughness-height Ra of a thin film conductor layer 
and plating resist seldom improves in less than 0.01 micrometer but above- 
mentioned average-of-roughness-he^t Ra exceeds 1 micrometer on tiie other 
hand, When exfoliating plating resist, this plating resist may remain on the thin 
film conductor layer surface including a roughened surface etc., Next, when 
etching removes the thin film conductor layer under plating resist, an etching 
reagent may permeate easily, a thin film conductor layer cannot be removed 



certainly, but this may cause a short circuit. It is 0.1-0.5 micrometer more 
desirably. It is because it is compatible with sufficient balance in the opposite 
characteristic of the adhesion of a thia film conductor layer and plating resist, and 
the exfoliation ease of plating resist if it is this range. 

[0020] Drawing 1 (a) ■ (d) is a sectional view showii^ a part of manu&cturing 
process of the multilayer printed wiring board which used the manufiicturing 
method of this invention. In the manufacturing method of such a multilayer 
printed wiring board of this invention, since the roughened surface 22 is formed on 
the thin film conductor layer 112 and the photosensitive dry film 18 is fiarther 
stuck on it as shown in drawing 1 , bulging etc. do not occur in the photosensitive 
dry film 18 (refer to drawing 1 (a)). Therefore, by performing e3q)osure and a 
development, a void is not formed in a pars basilaris ossis occipitalis, and a section 
can form the plating resist 103 of rectangular shape (refer to drawing 1 (b)). 
Therefore, when electroplating is given after this, it excels in adhesion with a thin 
film conductor layer, By a section's being able to form the electroplating layer 113 
of rectangular shape 0:efer to drawing 1 (c)), exfoliating the plating resist 103 
fiirther, and removing a thin film conductor layer by an etching process, There is 
no possibility that a short drcuit may occur between adjoining conductor drcxuts, 
and the conductor drcxiit 105 which is excellent in adhesion with the resin 
insulatii^ layer between layers or a solder resist layer can be formed (refer to 
drawing 1 (d)). 

[002l]Next, the manufacturing method of the multilayer printed wiring board of 
such this invention is explained briefly [ process order ], 

[0022](l) Produce first the wiring board which has a lower layer conductor circuit 
on the surfece of a resin substrate. As a resin substrate, the resin substrate which 
has an inorganic fiber is desirable, and, specifically, a woven glass feibric epojy 
group board, a woven glass fabric polyimide substrate, a woven glass fabric 
bismaleimide triazine resin substrate, a woven glass febric fluororesin board, etc. 
are mentioned, for example. The copper clad laminate which stuck copper foil on 



both sides of the above-mentioned resin substrate may be used. 
[0023]Usually, a breakthrough is provided in this resin substrate with a drill, 
nonelectTOlytic plating is performed to the wall sxirfece and copper foU surface of 
this breakthrough, and a through hole is formed in them. As nonelectrol3^ic 
plating, copper plating is preferred. Electroplating may be performed for thickness 
attachment of copper foil. As this electroplatii^, copper platii^ is preferred. Then, 
roughening treatment may be performed to a through hole wall etc., a through 
hole may be filled up with resin paste etc., and a wrap conductive layer may be 
formed for that surfeice in nonelectrolytic plating or electroplating. 
[0024] As the method of the above-mentioned roughenir^ treatment, melanism 
(oxidation)-reduction processing, the spray treatment by the mixed water solution 
of organic add and the second copper complex, processing by a Cu-nickel-P 
needlelike alloy plating, etc. are mentioned, for example. A lower layer conductor 
drcuit is formed by using the technique of photo lithography, and formii^ etching 
resist on the soUd pattern of the copper formed the whole sxirfiace on a substrate, 
through the above-mentioned process, then etchir^. Then, if needed, it is etched 
by formation of a conductor circuit and the portion used as a crevice may be filled 
up with resin etc, 

[0025](2) Next, perform roughening treatment to the formed lower layer conductor 
circuit as occasion demands. As the method of roughening treatment, the above- 
mentioned method, i,e., melanism (oxidation)-reduction processing, the spray 
treatment by the mixed water solution of organic add and the second copper 
complex, processing by a Cu-nickel-P needlelike alloy plating, etc. are mentioned. 
Adhesion with the resin insulating layer between layers which forms the layer 
which consists of resin on the surfece of a lower layer conductor drcuit, and is 
formed on it may be secured by immersing the substrate which did not perform 
roughening treatment to a lower layer conductor circuit but with which the lower 
layer conductor drcuit was formed in it in the solution which dissolved the 
resinous prindple. 



[0026](3) Next, form the resin insulating layer between layers in both sides of the 
wiring board which has the lower layer conductor circuit produced above (2). As a 
material of the above-mentioned resin iasulating layer between layers, 
thermosetting resin, thermoplastics, the resin that sensitization-ized some 
thermosetting resin, or these compound resin can be used. The resin insulating 
layer between layers may apply and form unhardened resin, and may bond by 
thermo-compression and form an unhardened resin £Qm. The resin film in which 
metal layers, such as copper foil, were formed in one side of an imhardened resin 
film may be stuck. When using such a resin film, after etching the metal layer of 
viahole formed parts, it irradiates with a laser beam and an opening is provided. 
Copper foil with resin, etc. can be used as a resin film in which the metal layer was 
formed. 

[0027] As an example of the material which forms the resin insulating layer 
between these layers, polyolefin system resin, polyphenylene ^stem resin (PPE, 
PPO, etc.), fluororesin, etc. are mentioned, for example. As the above-mentioned 
polyolefin system resin, for example The above-mentioned polyethylene, 
polypropylene, Polyisobutylene, polybutadiene, polyisoprene, 2-norbomene, The 
copoljnner of 5-ethyUdene-2"norbomene and these resin, etc. are mentioned, and 
ethyl / tetrafluoroethylene copoljrmerization resin (ETFE), 
polychlorotrifluoroethylene resin (PCTFE), etc. are mentioned as the above- 
mentioned fluororesin, for example. 

[0028]The resin composite for roughened surface formation can also be used as 
compound resin of thermosetting resin and thermoplastics, for example. 
[0029]T3 the roughening solution which consists of at least one sort chosen firom 
add, alkali, and an oxidizer as the above-mentioned resin composite for roughened 
sur&ce formation, for example, in the heat resistant resin matrix which is not 
hardened [ poorly soluble ], That etc. by which the substance of fiisibility was 
distributed to the roughening solution which consists of at least one sort chosen 
firom add, alkah, and an oxidizer are mentioned. When the same time immersion 



is carried out, the word of the above "poor solubility" and "fusibility" says relatively 
what has an early dissolution rate as "fusibility" to the same roughening solution 
for convenience, and calls "poor solubility" relatively what has a late dissolution 
rate to it for convenience. 

[0030] When using the above-mentioned roi:^ening solution for the resin 
insulating layer between layers and forming a roughened surfetce as the above- 
mentioned heat resistant resin matrix, what can hold the form of a roughened 
surface is preferred, for example, thermosetting resin, thermoplastics, these 
complexes, etc. are mentioned. By usiag a photopolymer, e3q)osure and a 
development may be used for the resin insulating layer between layers, and the 
opening for viaholes may be formed. 

[003l]As the above-mentioned thermosetting resin, an epoxy resin, phenol resin, 
polyimide resin, polyolefin resin, a fluoro-resin, etc. are mentioned, for example. 
When sensitization-izing the above-mentioned thermosetting resin, a heat-curing 
group is made to acryHc (meta)"i2ation-react using methacryUc add, acrylic acid, 
etc. Especially the acrylate (meta) of an epoxy resin is desirable. The epoxy resin 
which has two or more epoxy groups in one molecule is more desirable. It not only 
can form an above-mentioned roughened surfece, but since it excels in heat 
resistance etc., concentration of stress does not occur in a conductor drcuit, but it 
is hard to generate exfoliation between a conductor circuit and the resin insTilating 
layer between layers under heat cyde conditions. 

[0032]As the above-mentioned thermoplastics, phenojQ^ resin, polyether sulphone, 
polysulfone, poly phenylene sulfone, a polyphenylene sulfide, a polyphenyl ether, 
polyether imide, etc. are mentioned, for example. These may be used 
independently and may be used together two or more sorts. 
[0033]It is desirable that it is at least one sort as which the substance of fusibility 
is chosen j&x^m an inorganic particle, a resin particle, metal particles, a rubber 
particle, Uquid phase resin, and liquid phase rubber to the roughening solution 
which consists of at least one sort chosen fix)m the above-mentioned acid, alkali, 



and an oxidizer. 

[0034]As the above-mentioned inorganic particle, an aliuninium compound, a lime 
compound, a potassiiom compoimd, a magnesium compound, a silicon compound, 
etc. are mentioned, for example. These may be used independently and may be 
used together two or more sorts. 

[0035]As the above-mentioned aluminiimti compound, they are mentioned by 
alimaina, alimainium hydroxide, etc. and, for example as the above-mentioned lime 
compoimd, For example, they are mentioned by calcium carbonate, calciimi 
hydroxide, etc. and as the above-mentioned potassiima compound, For example, 
potassiima carbonate etc. are mentioned, as the above-mentioned magnesiimi 
compound, magnesia, a dolomite, basic magnesiTmi carbonate, talc, etc. are 
mentioned, and silica, zeolite, etc. are mentioned as the above-mentioned silicon 
compound, for example. These may be used independently and may be used 
together two or more sorts. 

[0036]Dissolution removal of the above-mentioned alumina particle can be carried 
out by fluoric acid, and dissolution removal of the calcium carbonate can be carried 
out with chloride. Dissolution removal of sodiima content silica or the dolomite can 
be carried out by an alkaline aqueous solution. 

[0037] As the above-mentioned resin particle, what consists of thermosetting resin, 
thermoplastics, etc. is mentioned, for example. When immersed in the roughening 
solution which consists of at least one sort chosen fix)m add, alkah, and an 
oxidizer, Especially if a dissolution rate is earher than the above-mentioned heat 
resistant resin matrix, will not be limited, but specifically, For example, amino 
resin (melamine resin, urea resin, guanamine resin, etc.), an epoxy resin, phenol 
resin, phenoxy resin, polyimide resin, polyphenylene resin, polyolefin resin, a 
fluoro-resin, bismaleimide triazine resin, etc. are mentioned. These may be used 
independently and may be used together two or more sorts. 
[0038]The above-mentioned epoxy resin can be arbitrarily manufectured by 
choosing the kind and hardening agent of oligomer for a poorly soluble thing to 



what is dissolved in add or an oxidizer, and these. For example, although the resin 
which stiffened the bisphenol A type epoxy resin with the amine system hardening 
agent melts into chromic acid very weU, the resin which stiffened cresol novolak 
type epoxy resin with the imidazole hardening agent cannot dissolve in chromic 
add easily. 

[0039]The above-mentioned resin partide needs to carry out curing treatment 
beforehand. It is because the above-mentioned resin partide dissolves in the 
solvent in which a resin matrix is dissolved, so it will be mixed uniformly and 
dissolution removal only of the resin partide can be selectively carried out with 
neither add nor an oxidizer, imless it makes it harden. 
[0040]As the above-mentioned metal partides, gold, silver, copper, tin, zinc, 
stainless steel, aluminima, nickel, iron, lead, etc. are mentioned, for example. 
These may be used independently and may be used together two or more sorts. 
The surfeice may be covered with resin etc. in order that the above-mentioned 
metal particles may secure insulation. 

[004l]As the above-mentioned rubber partide, an aciylonitrile butadiene rubber, 
polychloroprene rubber, polyisoprene rubber, acryUc rubber, multi-** system 
rigidity rubber, fluorocarbon rubber, urethane rubber, silicone rubber, ABS 
plastics, etc. are mentioned, for example. 

[0042]The aciylonitrile-butadiene rubber (meta) containing various modified 
polybutadiene rubbers, such as polybutadiene rubber, epoxy denaturation, 
urethane denaturation, and acrylonitrile (meta) denaturation, and a carboxyl 
group, etc. can also be used as the above-mentioned rubber particle, for example. 
It becomes easy to dissolve this rubber partide in add or an oxidizer by using 
these rubber partides. That is, when add other than strong add can also dissolve 
when dissolving a rubber particle using add, and dissolving a rubber partide 
using an oxidizer, permanganic add with comparatively weak oxidizing power can 
also dissolve. Even when chromic add is used, it can dissolve by low concentration. 
Therefore, neither add nor an oxidizer remains on the resin insulating layer 



surfeloe between layers, after roughened siuface formation, when giving catalysts, 
such as a palladium chloride, a catalyst is not given or a catalyst does not oxidize, 
so that it may mention later. These may be used independently and may be used 
together two or more sorts. 

[0043] When two or more sorts are mixed and it uses the substance of the above- 
mentioned fusibility, as a combination of the substance of two sorts of fiisibility to 
mix, the combination of a resin particle and an inorganic particle is desirable. 
While both of conductivity can be hurt low and can secure the insxilation of the 
resin insulating layer between layers, It is because it is easy to aim at adjustment 
of thermal expansion between poorly soluble resin, a crack does not occur in the 
resin insulating layer between layers which consists of a resin composite for 
roughened surfeice formation and exfoliation does not occur between the resin 
insulating layer between layers, and an upper layer conductor circuit. 
[0044]As the above-mentioned Uquid phase resin, the vmhardened solution of the 
above-mentioned thermosetting resin can be used, and epoxy vmhardened 
oligomer, the mixed hquor of an amine system hardening agent, etc. are 
mentioned as an example of such liquid phase resin, for example, Polybutadiene 
rubber, epoxy denaturation above-mentioned, for example as the above-mentioned 
liquid phase rubber, Unhardened solutions, such as acrylonitrile-butadiene rubber 
(meta) containing various modified polybutadiene rubbers, such as urethane 
denatxu-ation and acrylonitrile (meta) denaturation, and a carboxyl group, etc. can 
be used. 

[0045]in preparing the above-mentioned photosensitive resin composition using 
the above-mentioned liquid phase resin or Uqmd phase rubber, a heat resistant 
resin matrix and the substance of fusibOity do not dissolve uniformly " it is 
necessary to choose these substances like (that is, phase separation is carried out • 
- as) By mixing a heat resistant resin matrix with the above-mentioned selected 
standard, and the substance of fusibility. The photosensitive resin composition in 
the state where the "island" of a heat resistant resin matrix is distributing in the 



"sea" of the state which the "island" of liquid phase resin or Uquid phase rubber is 
distributing in the "sea" of the above-mentioned heat resistant resin matrix, liqiiid 
phase resin, or liquid phase rubber can be prepared. 

[0046]And after stiffening the photosensitive resin composition of such a state, a 
roughened sur&ice can be formed by removing liquid phase resin or liquid phase 
rubber of the "sea" or an "island." 

[0047]As add used as the above-mentioned roughening solution, although organic 
add, such as phosphoric add, chloride, sulfuric add, nitric add, formic add, acetic 
add, etc. are mentioned for example, in these, it is desirable to use organic add. It 
is becaxise it is hard to make the metallic conductor layer e^osed from a viahole 
corrode when ro\:^henii:^ treatment is carried out. As the above-mentioned 
oxidizer, it is desirable to, use the solution of chromic add, chromate add mixture, 
and alkaline permanganates (potassium permanganate etc.), etc. for example. As 
the above-mentioned alkali, solution, such as sodium hydroxide and a potassium 
hydrate, is desirable. 

[0048]As for the mean particle diameter of the substance of the above-mentioned 
fusibility, 10 micrometers or less are desirable. A big coarse partide and mean 
particle diameter may use it combining small particles relatively relatively [ mean 
partide diameter / the mean partide diameter of 2 micrometers or less ]. That is, it 
is combining the substance of the fusibility whose mean partide diameter is 0.1- 
0.5 micrometer, and the substance of the fiisibility whose mean partide diameter 
is 1-2 micrometers etc. 

[0049]Thus, when an average particle, a relatively big coarse particle, and mean 
partide diameter combine small particles relatively, the dissolution residue of an 
electroless plating film can be eliminated, the amoimt of paUadiima catalysts 
under plating resist can be lessened, and a still shallower and complicated 
roughened surface can be formed. By forming a comphcated roughened surfece, 
even if unevenness of a roughened surface is smaU, practical peel strength is 
maintainable. Mean particle diameter exceeds 0.8 micrometer, the above- 



mentioned coarse particle is less than 2.0 micrometers, and, as for particles, it is 
desirable for mean particle diameter to be 0.1-0.8 micrometer. 
[0050]That a shallow and complicated roughened surfeice can be formed by 
combining the above-mentioned coarse particle and particles, The anchor formed 
even if dissolution removal of these particles is carried out to the particle diameter 
to be used being less than 2 micrometers in mean particle diameter in a coarse 
particle becomes shallow, and the particles removed, Relatively, since it is a mixed 
granule child of particles with small particle diameter relatively to a coarse 
particle with big particle diameter, the roughened surfeice formed becomes 
compUcated. By forming such a complicated roughened surface, practical peel 
strei^h is maintainable also in a shallow roughened sxirface. 
[005l]Roughening advances too much that the particle diameter used in this case 
is less than 2 micrometers in mean particle diameter in a coarse particle, a void is 
not generated, and the formed resin insulating layer between layers is excellent in 
layer insulation nature. In the above-mentioned resin composite for roughened 
surface formation, the particle diameter of the substance of fiisibihty is the length 
of the longest portion of the substance of fusibility. 

[0052]Mean particle diameter exceeds 0.8 micrometer and a coarse particle is less 
than 2.0 micrometers, and if mean particle diameter is 0.1-0.8 micrometer, 
particles. In general, the depth of a roughened surface wiU be about 
Rmax=3micrometer, and in a semiadditive process. It can also remove the 
palladium catalyst under an electroless plating film easily, and it can not only be 
easy to carry out etching removal of the electroless plating film, but can maintain 
practical peel strength 1.0 - 1.3 kg/cm. 

[0053]The form in particular of the substance of the above-mentioned fusibility is 
not hmited, but a globular shape, a granular type, etc. are mentioned. As for the 
form of the substance of the above-mentioned fusibility, it is desirable that it is 
vmiform form. It is because the roughened surface which has imevenness of 
imiform granularity can be formed. 



[0054]The above-mentioned resin composite for rou^ened sur&ce formation may 
contain an organic solvent so that it can apply to substrate superiors, and it covild 
be fabricated by film state so that it could be stuck to substrate superiors by 
pressure (henceforth the resin film for roughened surEauce formation). As for the 
content, when the above-mentioned resin composite for roughened surfiice 
formation contains an organic solvent, it is desirable that it is 10 or less weight %. 
[0055]As for the substance of the above-mentioned fusibility, in the above- 
mentioned resin film for roughened surfeice formation, it is desirable to distribute 
almost uniformly in the above-mentioned heat resistant resin matrix. Even if the 
roughened surfece which has xmevenness of imiform granularity can be formed 
and it forms a viahole and a throv^h hole in a resin film, it is because adhesion 
with the upper layer conductor circuit formed on it is securable. The above- 
mentioned resin film for roughened surface formation may be formed so that the 
substance of fiisibiUty may be contained only in the layer part which forms a 
roughened suirfece. Except the layer part of the resin film for roughened surfiace 
formation, since it is not exposed to add or an oxidizer by it, the insulation 
between the conductor circuits through the resin insulating layer between layers 
is kept certain by it. 

[0056]As for loadings of a substance of fusibility currently distributed in poorly 
soluble resin, in the above-mentioned resin film for roughened surfece formation, 
3 to 40 weight % is desirable to a resin film for roughened surfeice formation. If 
loadings of a substance of fusibiLLty may be unable to form a roughened surface 
which has desired unevenness in less than 3 weight % and exceed 40 weight %, 
When a substance of fusibility is dissolved using add or an oxidizer, it may 
dissolve to the depths of a resin film, and insulation between conductor circuits 
through a resin insulating layer between layers which consists of resin films 
cannot be maintained, but it may become a cause of a short drcuit. 
[0057]As for the above-mentioned resin film for roughened surfe.ce formation, it is 
desirable to contain an ingredient of a hardening agent and others, etc. in addition 



to a substance of the above-mentioned fusibility and the above-mentioned heat 
resistant resin matrix. As the above-mentioned hardening agent, for example An 
imidazole series hardening agent, an amine system hardening agent, Organic 
phosphine system compovinds, such as that which ******************ed a 
guanidinivmi system hardening agent, and epoxy adducts of these hardening 
agents and these hardening agents, triphenyl phosphine, and tetraphenyl 
phosphonium tetraphenylborate, etc. are mentioned. 

[0058]As for content of the above-mentioned hardening agent, it is desirable that it 
is 0.05 to 10 we^t % to a resin film for rov^hened sur&ce formation. In less than 
0.05 weight %, since hardening of a resin film for roughened svLrEace formation is 
insufficient, a degree by which add and an oxidizer invade into a resin film for 
roughened sur&ce formation becomes large, and the insulation of a resin film for 
roughened surface formation may be spoiled. On the other hand, when it exceeds 
10 weight %, a superfluous hardening agent component may denatxire a 
presentation of resin, and a fell of reliability may be caused. 
[0059]As the above and other ingredients, fillers, such as an inorganic compound 
which does not influence formation of a roughened surfece, or resin, are 
mentioned, for example. As the above-mentioned inorganic compoimd, silica, 
alimiina, a dolomite, etc. are mentioned and polyimide resin, a poly acryUc resin, 
polyamide imide resin, polyphenylene resin, melanin resin, olefin system resin, 
etc. are mentioned as the above-mentioned resin, for example. By making these 
fillers contain, consistency, heat-resistant and chemical-resistant improvement, 
etc. in a coefficient of thermal expansion can be aimed at, and performance of a 
printed wired board can be raised. 

[0060]The above-mentioned resin film for roughened surfece formation may 
contain a solvent. As the above-mentioned solvent, aromatic hydrocarbon, such as 
ketone, such as acetone, methyl ethyl ketone, and cyclohexanone, ethyl acetate, 
butyl acetate, a cellosolve acetate, toluene, xylene, etc. are mentioned, for example. 
These may be used independently and may be used together two or more sorts. 



[006l](4) Next, while hardening a resin insxilating layer between layers, form an 
opening for viaholes by performing exposure and a development, or lasing to a 
resin insulating layer between the layer. In the case of heat-curing resin, polyolefin 
system resin, cydoolefin system resin, etc., a resin matrix of a resin composite for 
roughened sxirfiace formation carries out usii^ a laser beam, oxygen plasma, etc., 
and an opening of a resin insulating layer between layers is performed in an 
exposure development, when it is a photopolymer. Aflber sticking the circle pattern 
side on a photosensitive resin insulating layer between layers and lasdng a photo 
mask (a glass substrate is good) in which a circle pattern for opening formation for 
viaholes was drawn, an exposure development is exposed and is performed by 
being immersed in processing Uquid or carrying out the spray of the processii^ 
hquid. By stiffening a resin insulating layer between layers formed on a conductor 
circuit which has a roughened surfeice of sufficient imeven shape, a resin 
insulating layer between layers excellent in adhesion with a conductor circuit can 
be formed. 

[0062] When providii^ the opening for viaholes using the above-mentioned laser 
beam, as a laser beam to be used, carbon dioxide (CO2) laser, ultraviolet laser, 
excimer laser, an YAG laser, etc. are mentioned, for example. In these, exdmer 
laser and the carbon dioxide gas laser of a short pulse are preferred. 
[0063]Excimer laser by using the mask etc. in which penetration hght was formed 
in the portion which forms the opening for buyer holes so that it may mention 
later, It is because many openings for buyer holes can be formed at once, and the 
carbon dioxide gas laser of a short pulse has Uttle resin remaining in an opening 
and the damage to resin of the periphery of an opening is small. 
[0064]It is desirable also in excimer laser to use the excimer laser of a hologram 
system. A hologram system is a system which irradiates an object with a laser 
beam via a hologram, a condenser, a leather mask, a transfer lens, etc., and many 
openings can be once formed in the resin insulating layer between layers 
effidentiy by e3q)0sure by using this system. 



[0065]As for the pulse interval, when xising carbon dioxide gas laser, it is desirable 
that it is a lO"* - 10'^ second. As for time to irradiate with the laser for forming an 
opening, it is desirable that it is 10 to 500 microseconds. As for the path of the 
above-mentioned breakthrough, in order that the breakthrough of the mask in 
which the breakthrough was formed in the portion which forms pxmcturing for 
viaholes may make spot form of a laser beam a perfect circle, it is necessary to be a 
perfect circle and about 0.1-2 mm is desirable. 

[0066] When an opening is formed in a laser beam and especially carbon dioxide 
gas laser is used, it is desirable to perform desmear treatment. The above- 
mentioned desmear treatment can be performed using the oxidizer which consists 
of solution, such as chromic add and a permanganate. It may process by oxygen 
plasma, the mixed plasma of CF4 and oxygen, corona discharge, etc. Siu&ce 
treatment can also be carried out by irradiating with ultraviolet rays using a low- 
pressure mercury lamp. 

[0067](5) Next, roughen the sur&ce of the resin insulating layer between layers 
which provided the opening for viaholes as occasion demands. When the resin 
insulating layer between layers is formed using the resin composite for roughened 
surface formation, roughening of the resin insulating layer between layers is 
performed by carryii^ out dissolution removal of the heat resistant resin particle 
etc. which exist in the surfetce of the resin composition layer for roughened surfece 
formation with add or an oxidizer. As for the height of the roughened surfece 
formed by acid treatment etc., Rmax=0.01-20micrometer is desirable. It is for 
securing adhesion with a conductor circuit. In a semiadditive process, 0. 1"5 
micrometers is especially desirable. It is because a metal layer is removable, 
securing adhesion. 

[0068]When performing the above-mentioned add treatment, it is desirable to be 
able to use organic add, such as phosphoric add, chloride, sulfuric add or formic 
acid, and acetic add, and to use especially organic acid. It is because it is hard to 
make the metallic conductor layer exposed fixDm a viahole corrode when 



roughening formation processir^ is carried out. As for the above-mentioned 
oxidation treatment, it is desirable to use chromic add and permanganates 
(potassiimi permanganate etc.). 

[0069](6) Next, form in the surfeice of the opening of the resin insulating layer 
between layers, and a viahole the thin film conductor layer which consists of 
metal, such as Cu, nickel, P, Pd, Co, and W. The above-mentioned thin film 
conductor layer may consist of independent metal, and may consist of two or more 
sorts of metal. The nimiber of the above-mentioned thin film conductor layers may 
be one, and they may be more than two-layer. As for the thickness of this thin film 
conductor layer, 0.1-5 micrometers is desirable, and its 0.5-2 micrometers are more 
desirable. As for the above-mentioned thin film conductor layer, it is desirable to 
form by performing sputtering, plating or sputtering, and plating. 
[0070](7) Next, form a roughened surfeice etc. in the above-mentioned thin film 
conductor layer surfeioe. The above-mentioned roughened siufeces are formed by 
performing an etching process, melanism-reduction processing, or nonelectrolj^c 
plating processing, as mentioned above. 

(8) Then, form plating resist on a thin film conductor layer including the 
rov^hened surfiice etc. which were formed above (7). This plating resist is formed 
by performing ejcposure and a development, after sticking a photosensitive dry 
film on a thin film conductor layer including a roughened surface etc. 
[007l](9) Next, perform electroplating by making into a plating bar a thin film 
conductor layer including the roughened surface etc. which were formed on the 
resin insulating layer between layers, and carry out thickness attachment of the 
conductor circuit. As for the thickness of an electroplating film, 5-30 micrometers 
is preferred. As the above-mentioned electroplating, it is desirable to use copper 
plating. At this time, it is good also as a filled beer structure to fill up the opening 
for viaholes with electroplating. 

[0072](10) After forming an electroplating film, plating resist is exfoliated, and 
etching removes a thin film conductor layer including the roughened surfece etc. 



which existed under plating resist, and let it be the independent conductor drcuit. 
As an etching reagent, persulfiite solution, such as a sulfuric acid-hydrogen- 
peroxide-solution solution, ammonium persvilfote, sodium persulfete, and 
potassium persulfiate, ferric chloride, the solution of a cupric chloride, chloride, 
nitric add, heat dilute sulfuric add, etc. are mentioned, for example. A roughened 
siirface may be formed simultaneously with etching between conductor circuits 
using the etching reagent containing the second copper complex mentioned above 
and organic add. 

[0073](ll) By necessity, it is (3). The process of - (10) is repeated, fiirther, as 
occasion demands, nonelectrolj^c plating, etching, etc. are performed on the 
conditions same to the conductor drcuit of the top layer as the process of the above 
(3), and a roughened layer or a roughened sxirfeice is formed on the conductor 
circuit of the top layer. 

[0074lNext, a solder resist layer is formed by applying a solder resist resin 
composition to a substrates fiace induding the conductor drcuit of the top layer by 
the roU coater method etc., performing opening processing by lasing, e3q)osure, a 
development, etc., and performing curing treatment etc. And manufecture of a 
printed wired board is ended by forming a solder bump in the opening part of a 
solder resist layer after this. 

[0075]Plasma treatment, such as oxygen and a carbon tetrachloride, may be 
performed timely at this process for refining of the alphabetic printing process for 
forming a product recognition character etc., or a solder resist layer. Although the 
above method is based on a semiadditive process, a fiiUy-additive process may be 
vised for it. 
[0076] 

[Working examplelHereafter, this invention is explained still in detail. 
[0077](Embodiment l) 

A. In n-heptane of production (0 500ml of the resin film which consists of a 
polyolefin-system-resin constituent, 104g of styrene and the butyl hthiima 10.8g 



were dissolved, and it heated at 70 ** for 3 hours. 

(ii) While the capacity foctor of ethylene^butadiene blew the mixed gas of 3-1 into 
the solution which performed the above-mentioned processiag, it was neglected at 
70 ** for 5 hours. 

[0078](iii) n-heptane was removed by adding I2 fiuther and ne^ecting it at 100 ** 
after this, for 1 hour. 

(iv) Acetone washed the remaining output and an unreacted material and Lil 
were removed. Then, it mixed so that particle diameter might distribute at 0.1 
micrometer, without blending and condensing spherical melanin and spherical 
melanin whose particle diameter is 0.05 micrometer at a rate of 2-1. 
[0079](v) (iv) making it dissolve in 500 ml of n-heptane again, and 50 g of the 
mixture obtained at the process, After having heated slowly by a part for 1 more 
**/after having opened this solution thinly on the polyethylene terephthalate film 
after melting 1 more g of benzoyl peroxide, and heating this film state thing to 50 
**, and amoimtii^ to 100 **, the solvent was removed by ne^ecting it for 30 
minutes. Thus, the resin film which consists of polyolefine ohgomer of a 40- 
micrometer-thick semi hardened state was obtained. 

[0080]B. Preparation G) of a resin filler The mean particle diameter coated with 
the silane couphi^ agent on bisphenol female mold epoxy monomer (oil recovery 
shell company make and molecular wei^t:310, YL983U) 100 we^ht section and 
the surfece at 1.6 micrometers, the diameter of grain of maximum size " a Si02 
spherical particle (Admer textile company make.) of 15 micrometers or less CRS 
1101-CE170 weight section and leveling agent (Sannopuko PERENORU S4) 1,5 
weight section were taken in the container, and the viscosity prepared the resin 
filler of 40 • 50 Pa-s at 23**1 ** by carryii^ out stirring mixing. Imidazole 
hardening agent (made in [ Shikoku Chemicals ], 2E4 MZ-CN) 6.5 weight section 
was used as a hardening agent. 

[008l]C. Copper dad laminate which the 18-micrometer copper foil 8 laminates to 
both sides of the substrate 1 which consists of glass epoxy resin with a 



manufeicturing method (l) thickness of 0.8 mm or BT (bismaleimide triazine) 
resin of a printed wired board was made into the charge of a start material (refer 
to drawing 2 (a)). First, the lower layer conductor circuit 4 and the through hole 9 
were formed in both sides of the substrate 1 by carrying out drill drilltng of this 
copper dad laminate, performing nonelectrolytic plating processing, and etchir^ 
into pattern state. 

[0082](2) The substrate in which the through hole 9 and the lower layer conductor 
circuit 4 were formed is washed in cold water, NaOH (10 g/D, NaC102 (40 g/0 after 
drying, the solution containing Na3P04 (6 g/0 " melanism - the blackenii^ 
treatment made into a bath (oxidation bath). And reduction processing which 
makes a reduction bath the solution containing NaOH (10 g/1) and NaBHt (6 g/D 
was performed, and the roughened surfeces 4a and 9a were formed in all the 
surfistces of the lower layer conductor drcviit 4 including the through hole 9 (refer to 
drawing 2 (b)). 

[0083](3) After preparing the resin fOler indicated to the above-mentioned B, the 
layer of the resin filler 10 was formed in the inside of the throi:^h hole 9, and the 
conductor circuit non-molding part of one side of the substrate 1 and the outer 
edge section of the conductor circuit 4 within 24 hours after preparation by the 
following method. That is, after pushing in a resin fiUer in a through hole using a 
squeegee, it was made to dry on 100 ** and the conditions for 20 minutes first. 
Next, the mask in which the portion equivalent to a conductor drcuit agenesis 
part carried out the opening was laid on the substrate, the layer of the resin filler 
10 was formed in the conductor circuit agenesis part used as a crevice using the 
squeegee, and it was made to dry on 100 ** and the conditions for 20 minutes 
(refer to drawing 2 (c)). 

[0084](4) One side of a substrate which finished processing of the above (3) by belt 
sander poUsh using the belt abrasive paper (made by Sankyo Rikagaku) of #600. 
The upper part of the layer of the resin filler 10 formed in the layer and conductor 
circuit agenesis part of the resin filler 10 formed in the conductor circuit outer edge 



section was ground, and, subsequently buffing for removing the crack by the 
above-mentioned belt sander polish was performed. Such a series of poKshes were 
similarly performed about the field of another side of a substrate. If needed, it may 
etch before and after polish and flattening of the roi^hened surfece 4a formed in 
the land 9a and the lower layer conductor circuit 4 of the through hole 9 may be 
carried out. Then, it carried out at 100 ** for 1 hour, heat-treatment of 1 hour was 
performed at 150 **, and the layer of the resin filler was stiBFened thoroughly. 
[0085]Thus, flattening of the layer part of the resin filler 10 and the surface of the 
lower layer conductor circuit 4 which were formed in the through hole 9 or the 
conductor circuit agenesis part is carried out. The insiQatdng substrate which the 
resin filler 10 and the side 4a of the lower layer conductor drcuit 4 stuck firmly via 
the roughened surface, and the internal surfece 9a and the resin filler 10 of the 
through hole 9 stuck firmly via the roughened surfece was obtained (refer to 
drawing 2 (d)). 

[0086](5) Next, by spraying an etching reagent on both sides of the substrate 
which finished processing of the above (4) by a spray, and etching the sxirfeice of 
the lower layer conductor drcuit 4 and the land surfece of the through hole 9 by 
which flattening was once carried out, The roughened surfeices 4a and 9a were 
formed in aU the surfeices of the lower layer conductor drcmt 4 (refer to drawings 
(a)). As an etchir^ reagent, the etching reagent (mEq company make, mEq dirty 
bond) which consists of imidazole copper (II) complex 10 weight section, glycohc 
add 7 weight section, and potassium chloride 5 weight section was used. 
[0087](6) Next, the film which consists of a polyolefin-system-resin constituent 
with a thickness of 40 micrometers produced in the above-mentioned A was stuck 
by pressure and laminated to both sides of the substrate by the temperatvire of 
160 **, and pressure iMPa, and the resin insulating layer 2 between layers which 
consists of the above-mentioned polyolefin-system-resin constituent was formed in 
them (refer to drawing 3 (b)). The thickness of the formed resin insulatir^ layer 
between layers was 30 micrometers. 



[0088](7) Next, the opening 6 for viaholes 80 micrometers in diameter was formed 
in the resin insulating layer 2 between layers which consists of a polyolefin- 
system-resin constituent in excimer laser with a wavelength of 0.248 micrometer 
(refer to drawing 3 (c)). Then, desmear treatment was performed using oxygen 
plasma. 

[0089](8) Next, sputtering which tainted nickel was performed on condition of for 
[ atmospheric pressure / of 0.6 Pa /, temperature / of 80 ** / electric power 200W, 
and time ] 5 minutes using SV-4540 by Japan vacuum "technology incorporated 
company, and the Ni-metal layer 12a was formed in the surfece of the resin 
insulating layer 2 between layers (refer to drawing 3 (d)). At this time, the 
thickness of the formed Ni-metal layer 12a was 0.1 micrometer. 
[0090] (9) Next, sputtering which targeted Cu was performed on condition of for [ 
atmospheric pressure / of 0.6 Pa /, temperature / of 80 ** / electric power 200W, 
and time ] 5 minutes vising the above-mentioned SV-4540, and the 0.5- 
micrometer-thick Cu metal layer 12b was formed in the surface of the Ni-metal 
layer 12a. (Refer to drawing 4 (a)). 

[0091](10) Then, average-of-roughness-height Ra formed in the surfece of the Cu 
metal layer 12b the roughened surface (not shown) which is 0.3 micrometer using 
the etching reagent used above (5) and the same etching reagent. Measurement of 
average-of-roughness-height Ra was performed xising surfece roughness shape 
measuring apparatus (the Tbkyo Seimitsu Co., Ltd. make, surfboard COM 
130A/480A). 

[0092](ll) The 15-micrometer-thick plating resist 3 was formed from sticking a 
commercial photosensitive dry film on a roughened surfece, laying a mask, 
ejq)osing by 100 mJ/cm^, and performing a development in sodiimi carbonate 
solution 0.8% (refer to drawing 4 (b)). 

[0093](12) Subsequently, electrolytic copper plating was performed to the resist 
agenesis part on condition of the following, and the 15-micrometer-thick 
electrolytic copper platii^ film 13 was formed (refer to drawing 4 (c)). 



[Electroplating solution] 

Sulfuric add 2.24 mol/l copper sulfote 0.26 moM additive agent 19.5 ml/1 (made in 
ATOTEKKU Japan, KAPAEASHIDO HL) 
[Electroplating conditions] 

Current density 1 A/drn^ time 65 part temperature 22**2 ** [0094](13) After 
carrying out the strip of the plating resist in KOH solution 5% further, The etching 
process of the Cu metal layer 12b and Ni-metal layer 12a electroless plating film 
including the roughened surfece under the plating resist was carried out with the 
mixed hquor of sulfuric add and hydrogen peroxide, and dissolution removal was 
carried out and it was considered as the independent upper layer conductor circuit 
5 (the viahole 7 is included) (refer to drawing 4 (d)). 

[0095](14) Then, the above (5) By repeating the process of - (13), the upper 
conductor circuit was formed fiarther (refer to drawing 5 (a) ■ drawing 6 (a)). The 
roughened surfece was formed in the surfece of the conductor circuit (the viahole 7 
is included) 5 by etching the surfeice of the conductor drcuit (the viahole 7 is 
included) 5 using the etching reagent iised at the above-mentioned process (5), 
and the same etching reagent (refer to drawing 6 (b)). 

[0096](15). Next, made it dissolve in diethylene glycol dimethyl ether (DMDG) so 
that it may become 60weight % of concentration. Oligomer (molecular weight: 
4000) 46.67 weight section of the photosensitive grant which acryhc-ized 50% of 
the epoxy group of cresol novolak type epoxy resin (made by Nippon Kayaku C!o., 
Ltd.), SOweight % of the bisphenol A type epoxy resin (oil recovery sheU company 
make.) in which methyl ethyl ketone was dissolved trade name' - Epicoat 1001 15 
weight section and an imidazole hardening agent (made in Shikoku Chemicals.) 
trade name: -- the polyftinctional acrylic monomer (the Nippon Kayaku Co., Ltd. 
make.) which are 2E4 MZ-CN1.6 weight section and a photosensitive monomer 
trade name^ - R6043 weight section " the same - a multivalent acryhc monomer 
(the Kyoei Kagaku KK make.) trade name: -- six ADPE1.5 weight section and a 
dispersed system defoaming agent (the Sannopuko make.) TVade name - Take S- 



65 0.71 weight section in a container, stir and mix, and a mixed composition is 
prepared, as opposed to this mixed composition - as a photopolymerization 
initiator - benzophenone (made by Kanto Kagaku) 2.0 weight section, and 
Michler*s-ketone (made by Kanto KagakvO 0.2 weight section as a photosensitizer - 
■ in addition, the solder resist resin composition which adjusted viscosity to 2.0 Pa- 
s at 25 ** was obtained. In the case of 60 rpm, in the case of rotor No.4 and 6 rpm, 
measurement of viscosity was based on rotor No.3 by the Brookfield viscometer 
(the Tbkyo Reiki Cb., Ltd. make, DVL-B type). 

[0097](16) Next, the above-mentioned soldering resist composition is applied to 
both sides of a multilayer interconnection board by a thickness of 20 micrometers, 
After carrying out for 20 minutes at 70 ** and performing a dryii^ process on 
condition of for 30 minutes at 70 **, The 5-mm-thick photo mask in which the 
pattern of the solder resist opening was drawn was stuck to the solder resist layer, 
it exposed by the ultraviolet rays of 1000 mJ/cm^, the development was carried out 
with the DMTG solution, and an opening 200 micrometers in diameter was 
formed. And the solder resist layer (resin insulating layer between oi^anic layers) 
14 which carried out at 120 ** for 1 hour for 1 hour, heat-treated [ 80 ** ] on the 
conditions of 3 hours at 150 by 1 hour and 100 respectively, and was made to 
harden a solder resist layer, in which the soldering-pads portion carried out the 
openii^ and in which the thickness is 20 micrometers was formed fiirther. 
[0098](17) Next, the substrate in which the solder resist layer (resin insulating 
layer between organic layers) 14 was formed. Nickel chloride (2.3xlO'imol/0, 
sodium hypophosphite (2.8x10" ^mol/O, It was immersed in the electroless nickel 
plating liquid of pH=4.5 containing sodium add citrate (l.6xl0 imol/l) for 20 
minutes, and the 5-micrometer-thick nickel plating layer 15 was formed in the 
openii^. The substrate (Sold cyanide potassium (7.6xlO'%iol/D, Ammonium 
chloride (1.9xlO"imol/0, sodium add dtrate (l.2xl0"imol/l), It was immersed in the 
electroless plating Uquid containing sodium hypophosphite (l.7xl0 imol/l) for 7.5 
minutes on 80 ** conditions, and the 0.03-micrometer-thick gold platii^ layer 16 



was formed on the nickel plating layer 15. 

[0099](18) After this, soldering paste was printed to the opening of the solder resist 
layer 14, by carrying out a reflow at 200 **, the solder bump 17 was formed and 
the multilayer printed wiring board which has the solder bimap 17 was 
maniifectvired (refer to drawing 6 (c)). 

[OlOOKEmbodiment 2) In the process (lO), it replaced with mEq company make 
and a mEq dirty bond, and the multilayer printed wiring board was 
manufactured like Embodiment 1 except having formed the roughened siorfece 
using the etching reagent which consists of hydrogen peroxide solution, sulfuric 
add, and tetrazole, 

[OlOllCEmbodiment 3) Process (6) It replaces with the process of - (10) and is 
following (l). The multilayer printed wiring board was manufactxxred Kke 
Embodiment 1 except having performed formation of the resin insulating layer 
between layers which has an opening for viaholes using the process of ■ (6), and 
formation of the thin film conductor layer which has a roughened sxirfece. 
(l) By 0.5MPa, vacuvun pressure arrival laminated, the resin film for roughened 
surface formation produced by the following method was stuck, carrying out 
temperatvire up to the temperatiu:e of 50*150 **, and the resin film layer was 
formed. 

[0102]Production bisphenol Atype epoxy resin (wei^t per epoxy equivalent 469, 
Epicoat 1001 by oil recovery shell epoxy company) 30 weight section of the resin 
film for roughened surfece formation, Cresol-novolak-type-epoxy-resin (weight per 
epoxy equivalent 215, Epiclon N-673 by Dainippon Ink & Chemicals, Inc.) 40 
weight section, Triazine structure content phenol novolak resin (phenoUc hydroj^l 
equivalent 120, Dainippon Ink & Chemicals, Inc. make FENO light KA-7052) 30 
weight section Ethyl diethylene glycol acetate 20 weight section. Carry out 
heating and dissolving, stirring to solvent naphtha 20 weight section, and there 
End epoxidation polybutadiene rubber (Nagase Brothers Chemical Industry 
company make DENAREKKUSU R-45EPT) 15 weight section, and the 2-phenyl- 



4, 5-bis(hydix)xymetiiyOmudazole grinding article 1.5 we^ht section, The amoimt 
part of pulverizing silica duplexs and silicon system defoaming agent 0.5 weight 
section were added, and the epoxy resin composition was prepared. After applying 
using a roll coater so that the thickness after drying the obtained epoxy resin 
composition on a 38-micrometerthick PET film may be set to 50 micrometers, the 
resin film was produced by makii^ it dry for 10 minutes at 80- 120 **. 
[0103](2) Next, via the mask in which the 1.2-mm-thick breakthrough was formed 
on the resin film layer, With the CO2 gas laser with a wavelength of 10.4 
micrometers, on the beam diameter of 4.0 mm, top hat mode, 8.0 microseconds of 
pulse width, the diameter of 1.0 mm of the breakthrough of a mask, and the 
conditions of one shot, the openii^ for viaholes 80 micrometers in diameter was 
formed in the resin film layer, and it was considered as the resin insulating layer 
between layers. 

[0104](3) The roughened surfece was formed in the surfeice containii^ the internal 
surface of the opening for viaholes by immersing the substrate in which the 
opening for viaholes was formed, for 10 minutes in the 80 ** solution containing 
60 g/1 of permanganic add, and carrying out dissolution removal of the epoxy resin 
particle which exists in the surfece of the resin insulating layer between layers. 
[0105](4) Next, after the substrate which finished the above-mentioned processing 
was immersed in the neutralized solution (made by SHEPUREI), it was washed in 
cold water. The catalyst core was made to adhere to the surface (the internal 
surfeice of the opening for viaholes is included) of the resin insulating layer 
between layers by giving a paUadivim catalyst to the surfece of this substrate that 
carried out the surfece roughening process (a roughening depth of 3 micrometers). 
That is, the above-mentioned substrate was immersed into the catalytic liquid 
containing a paUadixmci chloride (PhCW and a stannous chloride (SnC^, and the 
catalyst was given by depositing palladivim metal. 

[0106](5) Next, the substrate was itnmersed into the non-electrolytic copper 
platii^ solution of the following presentations, and the 0.6-3.0-micrometer-thick 



non-electrolytic copper plating film was formed in the surfiace of the resin 
insulating layer between layers. 
[Nonelectrolytic plating solution] 

NiSO40.003 molA tartaric acid 0.200 mol/l copper sulfate 0.030 mol/lHCHO 0.050 
mol/LNaOH 0.100 mol/lalpha and alpha'-bipyridyl 100 mg/l polyethylene-glycol 
(PEG) 0.10 g/l [Nonelectrolytic plating conditions] 

It is 34 ** in the degree of solution temperature, and is 40 minutes. [0107](6) 
Then, mEq company make and a mEq dirty bond were used for the sxirface of the 
non-electrolytic copper plating film, and average-of-roughness-height Ka formed in 
it the roughened surfece which is 0.3 micrometer. 

[0108](Embodiment 4) In the process (6), it replaced with mEq company make 
and a mEq dirty bond, and the multilayer printed wiring board was 
manufectured like Embodiment 3 except having formed the roughened surfece 
using the etchir^ reagent which consists of hydrogen peroxide solution, sulfuric 
acid, and tetrazole. 

[0109](Comparative example l) In the process of the above (10), the mxdtilayer 
printed wiring board was manufectured like Embodiment 1 except not having 
formed a roughened surface. When the section of the substrate with which the 
photosensitive dry film was provided in the platii^ resist 3 after carrying out a 
development, e3q)osure and was observed imder the microscope, the form of 
plating resist was imdercut shape which has a void at the pars basilaris ossis 
ocdpitahs. 

[0110]About the multilayer printed wiring board obtained by Embodiments 1-4 
and the comparative example 1. The cutter cut this multilayer printed wiring 
board, and when the section was observed xmder the microscope, with the 
multilayer printed wiring board of Embodiments 1-4, the conductor drcuit where 
the pars basilaris ossis occipitalis has spread in part was seen with the multilayer 
printed wiring board of the comparative example 1 to a section not having been 
seen, as for the conductor circuit of trapezoidal shape. 



[OllllAbout the mxdtilayer printed wiring board obtained by Embodiments 1-4 
and the comparative example 1. -After carrying out the heat cycle test which 
repeats the thermo cycle held for 30 minutes at 125 ** 1000 times after holding for 
30 minutes at 55 **, the cutter cut the mxdtilayer printed wiring board and the 
section was observed under the microscope. As a result, in the multilayer printed 
wiring board of Embodiments 1-4, there was no exfoliation of a conductor drcuit, 
generating of the crack was not seen by the resin insulating layer between layers, 
either, and received it, and the conductor circuit which has exfoUated in part was 
seen in the mxiltilayer printed wiring board of the comparative example 1, and 
generating of the crack was seen at a part of resin insulatii^ layer between layers. 
[0112]About the multilayer printed wiring board obtained by Embodiments 1-4 
and the comparative example 1. After carrying out a heat cycle test, when the 
continuity test was done, in the multilayer printed wiring board of the 
comparative example 1, defective continuity had occurred in part to defective 
continuity not having occurred in the midtilayer printed wiring board of 
Embodiments 1-4. 
[0113] 

[Effect of the Invention] As explained above, in order to form a roughened surface 
etc. in the thin film conductor layer surface according to the manufacturing 
method of the multilayer printed wiring board of this invention. Since the 
adhesion of a thin film conductor layer and a photosensitive diy film improves 
when both touch area increases when the physical properties on the surfeice of a 
thin fihn conductor layer become uniform and a photosensitive dry film is stuck to 
a thin film conductor layer by pressure. When a photosensitive dry film is stuck on 
this thin film conductor layer, bulgii^ etc. do not occur in a photosensitive dry fihn, 
but plating resist of rectangular shape excellent in adhesion with a thin film 
conductor layer can be formed. Therefore, if a conductor drcuit is formed in a 
plating-resist agenesis part after forming plating resist, The section can form the 
conductor circuit of rectangular shape, there is no possibihty that a short circuit 



may occur between adjoinii^ conductor circuits, and neither signal delay nor a 
signal error occurs, but the multilayer printed wiring board which is excellent in 
connection reUability xmder heat cycle conditions and hi^-himiidity/temperature 
can be manufactured. 

[Brief Description of the Drawings] 

[Drawing l] (a) - (d) is a sectional view showing a part of manu&ictiiring process of 
the mvdtOayer printed wiring board which used the manufiicturing method of this 
iavention. 

[Drawing 2] (a) ■ (d) is a sectional view showing a part of manu&icturing process of 
the mxdtilayer printed wiring board which used the manu&cturing method of this 
invention. 

[Drawing 3] (a) - (d) is a sectional view showing a part of manufacturing process of 
the multilayer printed wiring board which used the manufacturing method of this 
invention. 

[Drawing 4] (a) ■ (d) is a sectional view showii^ a part of manufecturii^ process of 
the multilayer printed wirii^ board which used the manTafeicturing method of this 
invention. 

[Drawing 5] (a) ■ (c) is a sectional view showing a part of manufecturing process of 
the multilayer printed wiring board which used the manii&icturing method of this 
invention. 

[Drawing 6] (a) - (c) is a sectional view showing a part of manufeicturing process of 
the multilayer printed wiring board which used the manufacturing method of this 
invention. 

[Drawing 7] (a) • (d) is a sectional view showing a part of manufecturing process of 
the conventional multilayer printed wiring board. 
[Explanations of letters or mmierals] 

1 Substrate 

2 and 102 Resin insulating layer between layers 



3 Plating resist 

4 Lower layer conductor circuit 
4a Roughened surfece 

5 Upper layer conductor circuit 

6 The opening for viaholes 
TViahole 

8 Copper foil 

9 Through hole 

9a Roughened surface 

10 Resin filler 
12a Nrmetal layer 
12b Cu metal layer 

13 Electroplating film 

14 Solder resist layer 

15 Nickel-plating film 

16 Gilding film 

17 Solder bump 

18 Photosensitive dry film 

21 Mask 

22 Roughened layer 
105 Conductor drcuit 

112 Thin film conductor layer 

113 Electroplating layer 
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pi^mcof}i\a^^t?>mim^mf^t^ctf)'^x^rj:\^^m 

\.^x^mit(D^u^mmLrcm^. ^^my ^ )iL.(Dmm 

40 [0 0 5 7] ±ISffifl:®ff^fi)cffl1i)]|7 -Y ±ISnI 

m. ^om(D^'7fm^^^Lx\.':^c ttim^Li\ ± 
\y%m\m. ^T::.'jy%m{tn\. ^^^<^m\m<^ 

X 4? + 7 ^" ^ h ^ C n P> cDiSf tgij ^ V ^ D ;?7 :/-t: ;l/ 
{l:Lfc*,(D, h 'J7xx;l/3^;X7-^' ■rh77xx;l/ 
:r>;^7:d-x<>i:. . r h v7xx;l/# W h^(7)^it.t^X 

7^" y2^fb-g-ti^*^^tf p.n?.o 

[0 0 5 8] ±IBS!fbgiJtD#ftati. fflfkffiJ^fiScffll^llg 
50 7-f;l/A{C>i>tLT0. 0 5~1 0*«%TfeSili:*<li 
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[0 0 5 9] ±M=i:<Dm(DimtLX\.t. Mt 

t LTit. mm. 4? u 5 mm. u 7 ^ u m 
[0 0 6 0] sfc. ±MmimBf&mmmy ^ 

m<D'rhym. g^^xf^;k B^li:/^;K ■feay;l/77 

[0 0 6 1] (4) i^tc, sprgiiflgifei^i^^fk-r 5-;^ 
y^mm. yi^u:tuy^y^mmm(Dm'^ii. u—if 30 

li. 7U7d-x-;I/fflFwlnffMOfc46(75R/'?^->*W 

mmmm^i^m ^ztifx^^o 40 

[0 0 6 2] ±|Et'— tP'^t^fflV^T. 7^-r74-^-;^fflr»f^ 

p^^tti.^^. >f'7ti:LTii. mm. 

m^fST. (coa ) (f. mm^\y-^. x+'>vu 

[0 0 6 3] x+v'Vb-Hfli. m]^-r5J:^Jc. ;W 

mf^s^^mmr^ctifxt. trc. m^viy^^mmis 50 
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XU— if'ii. PfPI*|(DMfli^D7!3^'>^<, r^P)lii«D^ 
[0 0 6 4] Sfc, x+i/VLx-1f(D:&A^-et> *D^~ 

vA*^<Dx:^^i/•7^-^f^ffl^^5<:i:>()^Si^ * 

X. b— tP'vx^^, %im\yyxm^ixhx^^umM 
WiMxmmimmm\c^WL<DWiu-^mmmmm^ 

[0 0 6 5] Sfc. j^lg;!j'Xlx— tf^fflV^^li^. =t(D 

Ajixmmit. 1 0"' ~ 1 0"' ^xh^^tti'^w.^ l 
fi. 1 0-5 0 0 n^x$>^cttim.tLi\ ^urt^ 

mFix$>^'mff$>K). ±smmii<Dmit. 0. 1 

~2mm@lt*^S^LV\ 
[0 0 6 6] b— »fmTr?3P^)&i?gL/ctf^, 

^;?3"x if'^fflv^/c^^^cfi, xx 5 rmm^n^ c 
:^'ym^m(D7mm'h'^^£^mitm^mLxn'j c t 

[0 0 6 7] (5) <K:^^^Cc}:0^ /W74-^-;^fflF7F1 

p*^ttfcsra^sj3s*6i^««)*ffi^ffl{i:-rs„ mitmm 

m'^mmj^m^mr.'xmmmmmmm^nMLrzm 

mrmmmmm(Dmim. mitmnmmmmmmi 
m(Dmmicw-^t ^ mmmmn^m^mi^ rcimitm 
xmmm^t^^tK^Kimo mDs^mmici^mf^t 

5fflfbtS©^^${i. Rmax = 0. 0 I - 2 0 n mio'^W. 

sLv^o mim^tom^ii^mut^rciibx&^o n 

tc-t57TVr^'7*a-eti, 0. l~5/im*^MSL 

[0 0 6 8] ±im&mnomicii. u ym. ^m. 

x^. mc^mm^mv^^ff)i}mi^L\,\ mimi^mm 

M^^ic<^'ti-^^x$>^o ±mmimmii. ^ui^m. 
m-?y:G'yMi^i im^yi^ymij^)yi^m) ^ffli^^c 

[0 0 6 9] (6) mmmmmm^i^rsf%-(7ts 
m^A-t<D^mt)^(b^s.^^(oxh'DX^i^\^\ ttc. ±e 

TtcfcV^o i:®tlP)l#{*li<7)/p^fi. 0. 1-5 /im;^)^ 
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MSL<. 0. 5-2 /xm*^J:OMSLV^o ^fc. ±IS 

[0 0 7 0] (7) i^ti. ±ae}ffli3ii*i^ffit. mitm 
(8) Mv^T. ±3E(7) isnMLTzmimm^tismmm 

[0 0 7 1] (9) yki^. mrmmmmmm±im^Lrcm 

l,t. 5-3 0 /im^W^tV^o ±l5W^i6oti: LT 
i:tTt)J:vv 20 

[0 0 7 2] mmm-^^mmMLrzm. nb-otu 

i^ft^-^. mitmr-moymm. mm. mm. 
mmt)mf^n^c ^/-c. wf^Lfcm-mi^i^t^mm 

[0 0 7 3] in)SmiCj;:K). (3) -OOOIig^^O 

(3) (DxmmmcDm^'^mmmisb'D^^x.y^ym 
[0 0 7 4] m±m(DmwM^^^ismmmicu 

pgi5^Hc^|iffl/^^r^}^fi5cf c iitc cfc 0 7"'; y hmm 
[0 0 7 5] sfc. iKDXigT'. ms,mm^^-^j:E^m 

[0 0 7 6] 



f#rj3 2002-151841 
14 

[0 0 7 7] mmwi) 

(i) 5 0 Om 1 C0n-'N7'^>'tt^fC, X^U>104g 
feJ:t;7*9^;l/'J^'>Ai 0. 8g%}§ft?$-&. 7 0t:T 

(ii) ±fBMa^tTo/crg?^4'Ji:. x^lx> : y^J'v'xy 
<D$»Jt*^3 : 1 CDM^*fX^l!>:#jA^^*^e.. 7 0^ 

T'5^PbOTL/Co 

[0 0 7 8] (ill) c®!^. ^5)tc I2 ;g:}ij!jpL. 10 
O°C-?-mf^Sig-r?,ci:tcJ;0, n-^7'^>^lt* 

(iv) ^'^rc^mi-^7^vy\^x'mL. ^mm^ 

ckOfL i I^I^SLfCo ^om^ feli^b^O. 1 fimT?£* 
:K®^7X>i:feS;i)\~0. 0 5 /tm®I*«C0^vxy:^ 
2 : lOfiJ^T'Sa^L. ig«Wc:$a^i{-r5J;^tcig^ 

[0 0 7 9] (v) (iv)0XgT'l#6n/cii^tlO^%s 
5 0 g ^SS 5 0 0 m 1 ® n -^n^^ ytcglW^ -ti:, ^ 

g(DTm.\t^y'/^)\y^mt!^Lrc^. ^<r>mm^ 
m:x.=f-vyy-vy^V'-Yy>()ihh\zn<)t^f. c 

« 7 ^' )\^hmJi^ 5 0 °C $ Tj!)Pii L /eft. -^ibiClV/ 

^X'ii>-^ < D tiijp^u 1 oovicmtrcm. 3 o^jk 

0 /i mOif^c^^i^fbmi^D.-}^ vtuy^ yt u dV- 
t!)^ e. ^ 5 isiii 7 Y fii.i)m e. n/to 
[0 0 8 0] B. mm^mM(omm 

(1) ifX7x/-;l/FSxd^^5/^y7- (?t{j{bi^x;b 

t±S^ 53-?* :310. YL983U) 10 OSMgP. 

Ifegjb^ 1 . 6 /X mT\ m±^^(DUm^ 1 5 ^ mLXTO) 
S 1 Ob ^t^fe^ (TK-Tx-y^Xttiy. CRS 11 

0 1 - c E) 17 oMM^is^ifu^v y^m i-^yy 
ynttii -^uy-;us4) 1. smm^^mmct 
K). mmi^-rsdii^cj:'?. ^©ifeaA<2 3± i-CT 
4 0-5 0 p a • s(Dmm^mM^mmbrco =5:*3> ei 

4MZ-CN) 6. 5Mag|5^fflV^fc:o 

[0 0 8 1] c. -f^jyhm^mmmijm 

(1) mto. 8mmcoi^^7.:Lf.^ymmtrc^tB^ 

(ex-^l^-Y? F F U 7i>» 1 
1 8 /im®a^|g8A'«v^:i^-F^nTl^5^^«» 
ifi^W^^t^^ffcLfc (gl2 (a) « o S-f. 

[0 0 8 2] (2) X;I/-*-;l/9t3cktrF»3il*[5lES4 

%ffMLfcS«^7j<^v^L. ^mLfci^k. NaOH (1 
Og/1). NaClOz (4 0g/\) . Na3 PO 

. (6 g / 1 ) ^^tsymm^mm mm) tt^ 
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Mimm. *3 J;t>\ N a 0 H ( 1 0 g/ 1 ) . N a B H 

4 (6 g / 1 ) ^^tsymm^MTtrntt^M^^m^ 

micmim4a. da^mf^trz mz (b) w o 
[0 0 8 3] (3) ±iiBic$imLmm^m^^mmL 
rem. Tmo)y5mic^K)mmmz 4mm\HKX)it^- 

fli3^t«*^^^fLc:^7^■^t. ioo°c. 20^®*^-^$^ 10 

mmu ioo°c. zo'T^omnx^^m-^^rz (M2 

(C) « o 

[0 0 8 4] (4) ±fs(3) <D9!}^mm^rcmm<Di^m 
fih-^y ^-mm K J: 5 m^m 0 it < /t i6<^/ ^ 7 mm 
<j;v\ cicDt^. 1 0 0 "ce 1 BtP^> 1 5 0 1 mM(D 

[0 0 8 5] C(DJ^dKLrs xji-ts-jid^ma^^ 

rmmi^mm4(Dmm^mtu mfimm^i oty 30 

$fcX;l/-.t>-;l/9cOrtilifi)9 a i:ISflH?tt«tf 1 0 

(02 (d) 0m) o 

[0 0 8 6] (5) i^{C. ±SS(4) (Dmrnm^tcWiEcD 

it-^nrcTmmi^m^ 4 (oBim t 9(D^y 

©^affifci|B{l:ffi4 a, da^m^Lfc (0 3 (a) # 
BS) , X-yf-^yjgtLT. ^Z^'^Z-Jim (I I) §g 40 
<^ 1 0 SagP. y U 7 fiitgP, ^JkP?; U A 5 

[0 0 8 7] (6) m^conmc. ±ieAtc*3i^T 
imLkm-s 4 0 nm(Dt^vt\yy^ y^mmmmt^ 

P>^j:^y^JlM.^US.l 6 0 V. IE;': 1 M P a -^^JE*. 

mmu ±mt^vtuy^ymmmmmii}'iirj:mm 

mmmmmzmf^Lfc m3 (b) mm) « j^^^n 

[00 8 8] (7) 'Ali^. &gO. 2 4 8 /imOX+i/V 50 
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u-m^T. mtuy^yj^mmmfiim''brj:^mm 
m^m (0 3 (c) pm) o c<Dm. mmy^x-r^m 
[0 0 8 9] (8) i^tc. B^M^.mm^m±m<Dsy 

-4 5 4 0^ffll\ N i ^^-Yy hicLtcX^^y^V 
y^^. m±o. 6 Pa. Sa8 0^. «;':2 0 0W, 
5^KO^#T'fTV\ N 1 ^mm 1 2 a ^l^^fli 

mmmzcommimi^Lrc ms (d) » „ 

ffM^n/cN i^S® 1 2 a©i¥${iO. iMmT' 

[0 0 9 0] (9) ^AiC, ±155 V- 4 5 4 O^fflV^T. 

C u^^-y-y h^eLfcX/^y^'J>^■^. ^l±0. 6 

Pa, sgso^. «;'7 2oow. mm 5 i>^mco^f¥-^- 

ffV\ N 1 1 2 aCDSffifilff^O. 5^m®Cu 

^JSP 1 2 h^Bf^Lfco (04 (a) o 

[0 0 9 1] (10) i^)!t>r, c u^mm 1 2 bcDasi 

{c, ±12(5) T'fflv^fc:xy^>'^~Mi:|sl1i©x«y^y^' 
?^*fflV^T, ¥l^*I*Ra3b^0. 3 unKDmitm (0^ 

IB*0«iJ^« (^Mmmtt^. ■9--73A130A/ 

4 8 OA) ^ffll/^TtT-pfeo 

[0 0 9 2] (ll)mi6<D^)tttF^'t'7Y;UA^S|Bfkffi 
{iliADftlt^ VX^^«BLT, 1 0 Om J/cm' -<? 
^)tL. 0. 8%K?g^hU">A7j<?§?S-C«5Qa^ff 
•5<Ii:cfeO. 1 5 /im£D46otU'S^'X h a^^tt/i 

(04 (b) pm) o 

[0 0 9 3] (12)•^V^-e, Ui^T. MMgPtCJXTcD^ 

ftT«m^4i)ot^sa!U 1 5 (imcomnmib-D^ 
mi s^mf&Ltc (04 (c) mm) o 

jeS^ 2. 2 4 mo 1/1 

iM.mm 0. 2 6 mo 1/1 

^ijPSi] 1 9. 5 m 1/1 

(7hx>v^>^+/'?ym ^/^■7>'FHL) 

1 A/dm' 
B#ll 6 5 5^ 

um zz±z X 

[0 0 9 4] (13)$P)tCi6otUv'Xh^5%KOH7j< 
^#t?C u^Sii 1 2 b*3^D'N i 1 2 a^RmCff 

* o tn^sg^ t ii^f b7j<^«^^MTx v=f-y mm 

7^^ty) tLtc (0 4 (d) « o 
[0 0 9 5] (14)rcV^T. ±IB(5) ~a3)(Die^i^D 

5 (a) -06 (a) « o ^5>t^> ±sBLfcXfi 
(5) -effl V > fcx -y ^ y?g i: iBllicOX >y ^ y ^ jg^ffl V ^ 

X. m\m^ (/wr>t^-;^7^^^y) sco^ffi^x'y 
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[0 0 9 6] (l5)^XiC. i/Ji^Uy-ifV:=i~)]/P)<^fl 
X— r;l/ (DMDG) (ce 0M«%<D|ig{c:^§J;5fc 

Mtm±m) cDx4?+i>s 5 0 ^ u Mt L kmt 

'J d V- :4000) 46. 67M 

X7xy-;i/Agyx.i?+v/^Hi (rftfks^x;Wii^. 

ig, :xlf3-h 1 0 0 1 ) \ bmM^s ^ ^^'V-jVm 10 

fbsij mmitimm. ms^^ :2E4mz-cn) 1. 
- {Bm\m±m. m^u^ : r e 0 4) ?,mm^. pju 
E6A) 1. 5fi«gp. '7^mmm\ (-y-y/y^itt 

Sy. ^p"pS : S-6 5) 0. 7 lM«g|3:&§^tCi:0. 

mmm^m) 0. zsagp^&iiq^T, *!Fjs%2 5t: 20 
-e 2 . 0 p a • s \zmm. L k v;i/^- u h mmm^ 
m^mtc. ^*3. ttjeijAgfi, c^sn-gsti 

DVL-BM) T-6 0 r prnfO^^^D-^'-N 
0. 4, 6 r pmO^-^tin— ^— N 0. 3ti:<J:o/S:o 
[0 0 9 7] (16)i^{C. ^SBSiiSIScOOTc. ±i2y 
yl^^-U'v'T. hfflJ^ctl^ 2 0 /imOIP^T^^L. 7 0 

^ T 2 0 53'P^^ 7 0 1: 3 0 ^^(Dm^xn.'^m^'ii: 

«$-a-T 1 0 0 OmJ/cm' O^^iiT-STtL. DM 30 
T CmrnxW^mL. 2 0 0 /imCDiSScDr»flP?:ffM 
LTco tLX. $€>fc. SO^CTM^K. lOOICT'l 
1 2 0°C1? 1 ^PbI 1 5 0°C-e3^PBltD^ffT^ 

Lfco 

[0 0 9 8] (i7)^^{c. y;i/^^-^i^'xhe 

(2. 3X 1 0"' mo 1/1) , ^XffiUyi?■:^^U'i7A 40 

(2. 8 X 1 0"' mo 1 /i) . ^:^ym.-rv^)'^u 

(1. 6X 1 0"' mo 1/1) >^-Hrt?pH=4. 5CD«^ 
«)^x.yy;i/46ot?gti:2 05^-F^}S^LTs BHPgPtc)? 
$5/imCDx-y>y;l/fcotSl S^J^figLZ-Co ^e)fCs 
^oa^S^i^ryft^^'J'i'i:. (7. 6xi0"'mol 
/ 1 ) > mr^^x-i? A (1. 9X10"' mo 1/ 
1 ) , ^x.ym-f h U A ( 1 . 2 X 1 0"' m 0 1 / 
1 ) s i^su ym-r h U •i'A ( 1 . 7 x i O"' m o l / 

1 ) ^n^mnm^-Dtm^z s 0 °c©^#-e 7 . 5 "r^Wi 

mMLX. -^y'TJlib-oimi 5±tC. IP^O. 0 3/t 50 
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[0 0 9 9] (18)Ccr)t^. y^P^-l^v'XhJil 40)m 

nic^m^-xh^mwiLx. 2 0 o°CT'J7D--r?> 
ctfCckD^ffl^^y:^! i^m^U ^m^vyzfi 7^ 

Wr§^P:/UyhE«l«^SiiLfc (06 (c) # 

[0 10 0] (^Mij2) Xg(10)ti:*5V^T. ^-y^tt 
;<>y^7X>y^4?yF{C'R^T, ji^fbK^TfctJSS^ 
r h 7 y- i: e ^ ^ X <y ^ y ffl V ^ T fflf kffi 
^JfML fcl-XWi> ^Ste0>J 1 fclBl^tc LX^mzTiJ y V 

[0 10 1] (mmm3) xmc^) -(loxDxstcf^^ 

T. L^rcoii) ~(6) (Dxu^mi'x^urt^-fvmm 

mmitrnm^t^n^rcm^mmm 1 tmrnictx 
mf') y v^wmmitLtc. 

(1) TIH^D^STf^S! L/iMiSffMfflliflgy -r 

SS5 0~1 5 0°C$-e#SL^^^~6. 0. 5MP 

ax-M'mM^^^-v\.x^K>m. mm-y^ji^hm 
[0 10 2] mitmmi^mmmy ^ ji^i>(Dim 

ex7x/-;l/A§yx.-K+i/i^Sg (X.-K;^>'^M4 6 
9, ^ftv-x^bx^K^^i^ttiiXlfa- h 1 0 0 1 ) 3 0 

mm^. ^by-;by:ip'7-y^sxjj<+>'^fli (X.-K+ 
ymmz 1 5. :>^s*Yy4^ll:^i^ttS xif^^a^/ 

N-6 7 3) 4 0S«a5. hVTiy'ymi^^^yx/- 

jvym-j't^mm (7xy-;n*7j<^aa«i 20. 

B*^ y+fk^Xmia 7xyv'fhKA-705 

2) 3 0S«g|5^x^;l/v'i^~U3-;l/7-tx-h 2 OS 

«gi5. y;i/^>h:>-7-ft2 oa.igP(ca#L%^^e.Apii 

mmt^. ^i:'\7fei^x4^+i/{b4tU7'^^/*xyrfA 
(:^;^^■t^l:^XM^±il ■r-:M^-y r - 4 5 E ? T) 
1 5S*g|5h 2-7xX;l'-4. 5 -tfX (H Fn^^i^ 

^ ^yu) ^ 5 ^^/-mv^^a 1 . 5 aagp. mmv^y v 
tizmm^. iyv^yikmmio. sssgp^^ipux 

fm-^W--^ 38/im(DPET7^ ;l/A±K^jttgtO/f: ^ 

fc^. 8 0-1 2 0X:ti O^F^^^^-tirSCtfcJ; 
D> lifli7^';bA;&f'FSL/co 

[0 10 3] (2) mmy^}\^m±.\z. wt\. 

2mm(7)K3i?L*^}e5Sc$n/-cTX^^/t-LT. Ml 
0. 4/im<DC02 :^fXb~+f{i:T. tf-Ag4. Om 
m. h-yT'M'y ht-h\ >'Vl'Xi|'i8. 0 nf}. -^X^ 
(DMrn^KOn 1 . 0 mm. l^ayh (D^i^XMBy^ 

[0 10 4] (3) /U74-^-;^ffl^^f1□^ffML/cS^s 

6 0 g/ 1 (^)Jix'>;y'>[t^#Cy8 0^cD?§?g{c 1 

0 ^^iiria L. mmmmimm<Dmmic^f-^t^:r.^^^ 
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[0 10 5] (4) ±mmmm^rc&w.^. 

(PbC l2 ) t^itm-T.X iSnClz ) t^^ts 

Co 1 0 6] (5) i^K, ixr(Dm^(omn.mmib'^^7i<. 
0. 6~3. 0 nmcDmnMrn^-otm^i^^iyrco 

N i SO4 0. 003 mo 1/1 

0. 200 mo 1/1 
^mm 0. 0 3 0 mo 1/1 

HCHO 0. 0 5 0 mo 1/1 

NaOH 0. 100 mo 1/1 20 

a. a' -\£\£'J'J)l 100 mg/1 
^sVjL^]yy^Vn-)l (PEG) 0. 10 g/1 

3 4r£0®?ajSTM 0^ 

[0 1 0 7] (6) Mv^T. mmmmib-D'^m(Dmmi^. 

ati^O. 3 unKDmim^Bf^Lfzo 

[0108] mmm 4 ) xmce) las^^r. ^ ^^*t 

tr-hyv-)vt-h'(brji^x.y^y^m^m\^'rmitm 30 

[0 10 9] (tmm 1 ) ±tB(10)(7)XfifC*5V^T> IS 

rircmmoymm^mumxmm trctc^. it^tuy' 
[Olio] rnmm 1 ~ 4 is^x^itmrn 1 ti# e n/c^ 40 

[0 111] 5p.{c. nmmi-A^^xsitmwxn 

Ffiimt L /cm> 12 5^^30 'T^rmm 5 1: - h -9-^ 

^;U^ 1 0 00[HlilDjg-rn-h+>--l'^'-'l'gS^^^SIiL 50 
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rem. mfvyhmm^^ijy^--e^mL. ^com 
'mmmmxmmLrco ^<d^^. mmmi~4<D^m 
-/vyhumm^it. mmmmmtrji^^ mmmm 

m 1 (D^m-fv y hmmmxit. -mcmmLx\.^^m 

[0 1 1 2] %mm\--A:ssi;iXS]mmixn 
htitc^m-fvyh^mmc'Di^'i:. t-h-9--r^;Hi 
m^mmLfcm. ^iiiss^^tfo/ctcs. mmmi- 
4 (D^m^v y h^mmxit. mm^m^^Lxi^rji 

-mmm^s^tim^Lxi^^rco 

[0 113] 

hmm(ommifmici:m. mmmmmmicmitm 

feme . m^(Dmmmmt>mmt ^ctic^*) mmmi^ 

ic. mff^tv^^y-oiyL.icmnmtim^-iit. mmm 

felt, tb-o t V'JT. v^mim\mm\^^-Bm^ 
mmmi^m^mxm.mo:>^^t^i3^nmj: 

yvyhnmu^mT^t^ctti^x^^o 

[01] da) - (d) It. ^m(Dmm:^mm'rc 
§'mf') y Ymm(DmmiM<D-'^^7rstmmx^ 

[0 2] (a) ~ (d) *^B^(D^ig7^S^fflV^^c 

^^:^u y vmmm.(Dmm:Lm(D-^^mrm^mxib 

-So 

[H3] (a) ~ (d) (i. *^B^«IS!ii;^^fe^fflV^/'c 

[04] (a) ~ (d) (i. ^^m(r)m^i5m^m\^^rc 
^myv y hmm.u<Dmmxm(D-&^^ffstmmmx^ 

[0 5] (a) ~ (c) ti. *fg0^CDi^)g*ffi^fflV>fc 

^ST^'j y hBfim<Dmi^xm(D-^^^tm^mx^ 

[06] (a) ~ (c) tS. *5SBJ<7)iai^S*fflV^fc 

[07] (a) - id) m^o^^m-fvyh^mm 
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1 »s 

2. 102 mmmmmmm 

4 Tmmmm 

4 a ffiibffi 

5 ±mmw^^ 

6 /W74-^-;^fflr>3P 

7 7 

8 a^fg 

9 x;l/-)i-x— ;l/ 
9 a fflfkffi 

1 0 
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* 1 2 a N i M^S 
12b C u^JS/i 
1 3 m^ib-otm 
14 y;U^-bv/*XM 
1 5 -•y'5r;Vi6-3tJl 
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